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(54) Electrolytic treatment method for water-containing nitrogen compounds 



(57) Waste water containing nitrogen compounds is 
treated by first breaking the nitrogen compounds down 
by electrolysis in the presence of chlorine ions. The 
electrolysis step converts chlorine ions to hypochlorite 
ions. The partially treated water is returned to a storage 
container. The hypochlorite ions oxidize the nitrogen 
compounds and are reconverted to chlorine atoms. The 
partially treated water then may be returned to the elec- 
trolysis container to regenerate hypochlorite ions. In a 
second step, the partially treated waste water is passed 
over a metal peroxide catalyst. The metal peroxide cat- 
alyst further breaks down the nitrogen compounds, and 
removes the excess hypochlorite ions. 
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Description 

BACKGROUND OF THE INVENTION 

5 The present invention relates to a method for processing water which contains nitrogen compounds. More specifi- 

cally, the present invention relates to a treatment method for water which contains nitrogen compounds, wherein water 
is processed at normal temperature and pressure. Nitrogen compounds are removed by oxidative breakdown into nitro- 
gen gas. At the same time, chemical oxygen demand (COD) is also reduced. 

Waste sources of nitrogen compounds include proteins, which are used in livestock feed production industries; 

w nitric acid, which is used in inorganic pigment production; ammonia, nitric acid, sodium nitrate, and sodium nitrite, which 
are used in surface processing steps in metal products production industries and electronic machinery appliance man- 
ufacturing; and the like. When released into water, nitrogen compounds are responsible for overnitrification. If these 
nitrogen compounds are released as nitrogen oxides into the atmosphere, they are dangerous to health as primary pol- 
lutants. Furthermore, nitrogen oxides participate in a photochemical reaction and become one of the components of 

15 smog, a secondary combined pollution phenomenon. As a result, water which contains nitrogen compounds must be 
processed for denitrification. The dispersal of unprocessed nitrogen compounds into the atmosphere during these 
processing steps must be prevented. 

Waste water which contains nitrogen compounds can also contain organic compounds other than nitrogen com- 
pounds. Furthermore, the nitrogen compound itself can be organic or can be oxygen consuming. As a result, the chem- 

20 ical oxygen demand (COD) of water containing nitrogen compounds can be great. In these cases, as nitrogen 
compounds are broken down, there is also a need to reduce the COD. 

Methods such as the activated carbon adsorption method and biological processing methods are well-known as 
conventional processing methods for nitrogen compounds in waste water. However, when using the activated carbon 
adsorption method, it is necessary to reactivate the activated carbon when adsorption equilibrium is reached. With 

25 reactivation, a highly concentrated nitrogen compound-containing reactivation waste solution is generated. The need 
for further processing of this waste is an additional problem. 

When water containing nitrogen is biologically processed, the breakdown time required is long because the reac- 
tion time is relatively slow. A large-volume biological reaction container becomes necessary, and there is an additional 
problem of a large amount of excess sludge being generated. 

30 In Japanese Laid Open Patent Number 7-1 00466, a method is proposed wherein waste water containing ammonia 
is processed by electrolysis in the presence of chloride ions, at a pH between 8 and 12. The ammonium ion and COD 
components in the water are efficiently degraded and removed. However, this method generates hypochlorite ions as a 
by-product, which remain in the processed water and must be removed by further processing. 

The present inventors have proposed a method for treating waste water which contains an alkanoiamine. In this 

35 method, an oxidant is added to waste water which contains an alkanoiamine. The alkanoiamine is oxidized and broken 
down in the presence of a metal catalyst and heat. By this method, monoethanolamine and the like can be efficiently 
oxidized and broken down. However, it is desirable to improve this method by eliminating the need for added oxidants 
or the need to heat to temperatures greater than 100 °C. 

40 OBJECTS AND SUMMARY OF THE INVENTION 

The object of the present invention is to provide a method for treating water containing nitrogen compounds which 
does not require added oxidants, and which can process water which contain nitrogen compounds at normal tempera- 
tures and pressure. 

45 A further object is to provide a method for treating water which contains nitrogen compounds, wherein nitrogen 
compounds in the water are oxidized and broken down to nitrogen gas and removed, and the chemical oxygen demand 
(COD)is simultaneously reduced. 

As a result of intensive research in order to achieve the above objects, it was found that nitrogen compounds are 
efficiently broken down and removed if, after electrolysis of the water which contains nitrogen compounds and inorganic 

so chloride compounds, the waste water is brought into contact with a metal peroxide catalyst. By the method of the 
present invention, no residual chlorine is left in the processed water. 

Briefly stated, waste water containing nitrogen compounds is treated by first breaking the nitrogen compounds 
down by electrolysis in the presence of chlorine ions. The electrolysis step converts chlorine ions to hypochlorite ions. 
The partially treated water is returned to a storage container. The hypochlorite ions oxidize the nitrogen compounds and 

55 are reconverted to chlorine atoms. The partially treated water then may be returned to the electrolysis container to 
regenerate hypochlorite ions. In a second step, the partially treated waste water is passed over a metal peroxide cata- 
lyst. The metal peroxide catalyst further breaks down the nitrogen compounds, and removes the excess hypochlorite 
ions. 
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According to an embodiment of the present invention, a method for treating waste water containing nitrogen com- 
pounds and chlorine ions comprises the steps of performing electrolysis on the waste water, such that the chlorine ions 
are oxidized to hypochlorite ions, and the nitrogen compounds are oxidized by the hypochlorite ions and thereby broken 
down, and contacting the waste water with a metal peroxide catalyst after the step of performing electrolysis, such that 
5 hypochlorite ions are removed from the waste water. 

According to another embodiment of the present invention, a method for treating waste water containing nitrogen 
compounds comprises the steps of circulating the waste water between a storage container and an electrolysis con- 
tainer, adding inorganic chlorides to a substoichiometric quantity, performing electrolysis in the electrolysis chamber, 
such that the chlorine ions are oxidized to hypochlorite ions, and the nitrogen compounds are oxidized by the hypochlo- 
10 rite ions and thereby broken down, and contacting the waste water with a metal peroxide catalyst after the step of per- 
forming electrolysis, such that the hypochlorite ions formed during the electrolysis are removed from the waste water, 
the metal peroxide catalyst containing one of cobalt peroxide and nickel peroxide, the metal peroxide catalyst further 
containing at least one member from the group consisting of zeolite, titania, y-alumina, and a-alumina, the one of cobalt 
peroxide and nickel peroxide being present in the metal peroxide catalyst at a concentration of between about 0.01% 
75 by weight and 10% by weight, the step of contacting occurring at an SV between about 0.1 hr 1 and about 60 hr' 1 , a 
temperature between about 20 °C and about 80 °C, and a pressure substantially equal to atmospheric pressure. 

The above, and other objects, features and advantages of the present invention will become apparent from the fol- 
lowing description read in conjunction with the accompanying drawings, in which like reference numerals designate the 
same elements. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a flow diagram illustrating the steps of the present invention. 

25 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

In the method of the present invention, after waste water which contains nitrogen compounds and inorganic chlo- 
rides is first treated by electrolysis, the waste water is brought into contact with a metal oxide catalyst. 

Examples of nitrogen compounds which can be processed by the method of the present invention include inorganic 
30 nitrogen compounds, such as ammonia, hydrazine, 1,3-dimethyl-2-imidazolidinone, and the like; and organic nitrogen 
compounds, such as urea, ethanolamine, aniline, and the like. Waste water which contains such nitrogen compounds 
are typically discharged from, for example, dye factories, fertilizer factories, semiconductor factories, electric power 
plants, and chemical or pharmaceutical manufacturing factories. 

In the present invention, it is preferable that the electrodes used in electrolysis be of an electrode material which 
35 does not dissolve into water. Examples include platinum-piated titanium electrodes, titanium electrodes which are 
coated with iridium or palladium, lead dioxide electrodes, and ferrite electrodes. 

in the present invention, inorganic chlorides which are dissolved in the waste water generate chlorine ions. As a 
result of the electrolysis reaction, chlorine ions are oxidized to hypochlorite ions, as indicated in the following equation: 

40 CP + 20H' CIO* + H 2 0 + 2e" 

Hypochlorite ions react with a wide variety of nitrogen compounds. A number of these reactions are set forth below. 

2NH 3 + 3CIO- -► N 2 + 3H 2 0 + 3CI" 

45 

N 2 H 4 + 2CIO" -> N 2 + 2H 2 0 + 2CI' 

CO(NH 2 ) 2 + 3CIO' -> + 2H 2 0 + C0 2 + 3CI* 

so 2NH 2 CH 2 CH 2 OH + 13CIO* -4N 2 + 7H 2 0 + 4C0 2 + 13CI" 

2C 6 H 5 NH 2 + 31 CIO* -» N 2 + 7H 2 0 + 12C0 2 + 31 CT 

If the nitrogen compound is an organic compound, nitrogen is converted into harmless nitrogen gas, and carbon is con- 
55 verted to carbon dioxide gas. As a result, the total organic carbon amount and the chemical oxygen demand of the proc- 
essed water is reduced. 

In the method of the present invention, chlorine ions, which are generated by inorganic chlorides dissolving in 
water, are oxidized to hypochlorite ions through electrolysis. Hypochlorite ions oxidize nitrogen compounds, and chlo- 
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rine ions are regenerated. These chlorine ions again are oxidized to hypochlorite ions through electrolysis. A single 
chlorine ion alternates between chlorine ion and hypochlorite ion, and thus contributes to several cycles of the reaction. 
As a result, the amount of inorganic chloride required for treatment of the nitrogen compounds is less than the stoichi- 
ometric values indicated by the above equations. 

5 If the waste water contains nitrogen compounds and sufficient levels of waste inorganic chloride compounds, it is 

possible to process by electrolysis directly. However, if the waste water does not already contain an adequate amount 
of inorganic chlorides/inorganic chlorides must be added before conducting electrolysis. There are no particular limita- 
tions to the inorganic chloride which is to be added so long as the inorganic chloride is water soluble. Examples include 
lithium chloride, sodium chloride, potassium chloride, beryllium chloride, magnesium chloride, and calcium chloride. 

io Electrolysis is conducted while circulating the water which contains nitrogen compounds and inorganic chlorides 
between a storage container and an electrolysis container. A portion of the water in the storage container is removed 
and is passed through a column filled with a metal peroxide catalyst to obtain the final form of the processed water. In 
this processing, an optimal amount of inorganic chloride can be maintained by controlling the speed with which the 
water circulates to the electrolysis reaction container, the speed of the water passage through the catalyst column, and 

15 the like. 

In the method of the present invention, a portion of the nitrogen compounds is broken down by hypochlorite ions 
generated by electrolysis before contacting the metal peroxide catalyst. Thereafter, water containing the remaining 
nitrogen compounds and hypochlorite ions generated by electrolysis is brought into contact with the catalyst. Not only 
are the remaining nitrogen compounds broken down at this step, but excess hypochlorite ions are removed as well. 

20 When the water which contains nitrogen compounds and hypochlorite ions comes into contact with the metal peroxide 
catalyst, the breakdown reactions of the nitrogen compounds proceed rapidly at normal temperature and pressure. 

Examples of metal peroxide catalysts useful in the present invention include cobalt peroxide, nickel peroxide, cop- 
per peroxide, and silver peroxide. Among these, cobalt peroxide and nickel peroxide are preferred. It is preferable that 
these metal peroxide catalysts be carried on zeolite, titania, y-alumina, a-alumina or the like. The preparation method 

25 for these are described below, using the example of zeolite as the carrier and cobalt peroxide as the carried catalyst. 

Zeolite is an aluminosilicate which has uniform Fine pores of molecular size. The structure of zeolite is a series of 
tetrahedrons of silicon atoms, with a portion substituted by aluminum atoms, which form a three dimensional mesh 
structure via oxygen atoms. Characteristic hollows and channels are formed. The size of these hollows or channels are 
determined by the size of the oxygen ring. Zeolite typically has an ability to replace cations. In the present invention, 

30 natural zeolites, such as clinoptiololite or mordenite, or synthetic zeolites, such as zeolite A, zeolite X, or zeolite Y can 
be used with good results. These zeolites can be used singly, or two or more types can be mixed and used. 

The processing of the zeolite carrier is conducted by bringing it into contact with aqueous solutions of sulfates, 
nitrates, or chlorides of cobalt, or mixture solutions of these. One method of contact involves soaking particles of zeolite 
in the solution. Alternatively, zeolite particles can be packed into a column and the aqueous solution can be passed 

35 through once or in a circulating manner. The concentration of cobalt salt and contact times are determined so that the 
necessary amount of cobalt is retained by the zeolite. The amount of cobalt which is carried is preferably between about 
0.0 1 % and about 1 0% by weight. The thus-processed zeolite is then rinsed with water as needed after being separated 
from the aqueous solution. A rinsing step is desirable to remove all cobalt ions not present in the active sites of zeolite. 
Generally, it is preferable to rinse until the color of cobalt ions disappear from the rinse water. By this procedure, it is 

40 possible to obtain an effective zeolite carrier bearing a small amount of cobalt. 

Next, the zeolite carrier obtained as above is brought into contact with an alkaline equeous solution which contains 
chlorine agents. As a method of contact, zeolite can be soaked in an alkaline solution which contains chlorine agents. 
Alternatively, zeolite can be packed into a column, and the alkaline solution containing chlorine agents can be passed 
through once or in a circulating manner. In this manner, the cobalt peroxide catalyst used in the present invention is 

45 obtained. At the time of contact, a small amount of cobalt ions may separate from zeolite and generate fine precipitate 
in the peroxide, but the precipitate can be removed through final rinsing. Examples of chlorine agents include chemicals 
which generate free chlorine such as sodium hypochlorite, chlorine gas, chlorine generated by electrolysis, and the like. 
Examples of the alkaline aqueous solution which is used in conjunction with the chlorine agent include aqueous solu- 
tions of sodium hydroxide, potassium hydroxide, and the like. 

so As an alternative method of formation of the cobalt peroxide catalyst, the zeolite may be heated after the rinsing 
step, causing the cobalt ion to change to cobalt oxide. Next, the zeolite carrier is brought into contact with an alkaline 
solution, and the same catalyst is obtained. 

By the present invention, a portion of nitrogen compounds are oxidized and broken down by hypochlorite ions 
which are generated by electrolysis. Furthermore, the water which contains remaining nitrogen compounds and 

55 hypochlorite ions is brought into contact with a metal peroxide catalyst which is prepared as described above. This 
results in total breakdown of nitrogen compounds. The oxidation reaction regenerates chlorine ions, which are reoxi- 
dized by electrolysis to hypochlorite ions. 

The catalyst, packed as particles of diameter about 0.3 to about 10 mm into a column, can be used as a fixed bed 
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or a fluid bed. If particle diameter is less than 0.3 mm, the loss of pressure becomes too great In a fixed bed. Similarly, 
if the particle diameter is less than 0.3 mm, there is a danger that the carrier will be destroyed and become mixed in 
with the processed water in a fluid bed. The direction of water flow may be either upward or downward. However, since 
nitrogen gas is generated in the reactions of the present invention, upward flow is preferred. 

5 In the method of the present invention, the rate of water flow can be chosen so that it is appropriate for the contact 

method or the amount of metal peroxide held by the carrier. Typically, it is preferable to have an SV of between about 
0.1 h" 1 and about 60 h" 1 . SV refers to space velocity, and is the ratio of the flow rate of the inflow to the volume of the 
treating device. For example, if the inflow has a flow rate of 2 liter/hr, and the volume of the treating device is one liter, 
the SV is 2 h " 1 . It is even more preferable to have an SV of between 0.5 h" 1 and 10 h" 1 . Even more preferable is an SV 

w of between 1 h' 1 and about 1 0 h" 1 . The contact between the waste water containing nitrogen compounds and hypochlo- 
rite ions and the metal peroxide catalyst is typically conducted at a normal temperature between about 20 and 30 °C. If 
the reaction is conducted at a temperature between about 40 and 80 °C, the reaction rate becomes higher, and the con- 
tact time can be shortened. Generally, if the nitrogen compound concentration in the water is high, it is preferable to 
have an extended contact time. Furthermore, if the contact time is too short, there is a danger that hypochlorite ions will 

rs remain in the processed water. 

By the present invention, oxidative breakdown of nitrogen compounds in water which contains nitrogen compounds 
is possible without the need for added oxidants, such as chlorine oxidants or hydrogen peroxide. Furthermore, the reac- 
tion can be performed at standard temperature and pressure. Because the reaction proceeds rapidly under normal tem- 
perature and pressure, the reaction device can be made more compact, and it is possible to obtain a processed water 

20 of a stable quality. 

Referring to Figure 1 , there is shown a process flow chart of one embodiment of the present invention. Waste water 
which contains nitrogen compounds is brought to a storage container 1 . Inorganic chlorides are added as needed with 
mixing. Waste water is sent to an electrolysis reaction container by a pump 2. After electrolysis, the waste water is cir- 
culated back to storage container 1. The waste water, which now contains nitrogen compounds and hypochlorite ions 

25 generated by electrolysis, is then removed from storage container 1 by pump 4 and is sent to reaction column 5 which 
is packed with a metal peroxide catalyst. Processed water is obtained by treating the waste water with the metal perox- 
ide catalyst at normal temperature and pressure. 

By the present invention, it is possible to remove nitrogen compounds at a high rate with a small device, without 
adding oxidants such as chlorine oxidants or hydrogen peroxide. In particular, with the present invention, no hypochlo- 

30 rite ions remain in the processed water because the metal peroxide catalyst is able to break down hypochlorite ions. 
Therefore, there is no need for a separate residual chlorine removal process, as in the prior art. Furthermore, with the 
present invention, the hypochlorite ions which are generated are more likely to react with nitrogen compounds than with 
metal peroxide catalysts, and so the ions will not be unnecessarily broken down. 

With the present invention, inorganic nitrogen compounds or organic nitrogen compounds are broken down to 

35 harmless nitrogen gas, carbon dioxide gas, water, and the like. It is possible to reduce total nitrogen concentration and 
the chemical oxygen demand of the processed water. The method of the present invention can be applied to waste 
water which contains one of either inorganic nitrogen compounds or organic nitrogen compounds, or it can be applied 
to waste water which contains both. 

40 Embodiment 1 

Treatment of waste water which contained 1 ,000 mg/liter of monoethanolamine, 375 mg/liter of ammonia nitrogen, 
and 8,000 mg/liter of sodium chloride was conducted. The initial water quality of this waste water was as follows: total 
nitrogen (T-N) = 605 mg/liter, ammonia nitrogen (NH 4 + -N) = 375 mg/liter, total organic carbon (TOC) = 393 mg/liter, 
45 chemical oxygen demand by potassium permanganate at 100 °C (COD Mn ) = 839 mg/liter, residual chlorine = 0 mg/liter, 
and pH = 9.3. 

1 ,250 ml of this waste water was placed in an electrolysis container. The electrolysis container had 5.0 cm x 5.0 cm 
platinum-plated titanium plate electrodes. The waste water was processed by passage through a circulating system. 
The distance between the electrodes was 1 .0 cm. The between-electrode volume of the reaction container between the 
so electrodes was 25.0 cm 3 . Current was 2^5A, and current density was 1 0A/dm 2 . The circulating solution passage rate 
was 1 10 ml/min. 

The circulating reaction processing was conducted for six hours. The water quality after six hours was the following: 
total nitrogen (T-N) = 68 mg/liter, ammonia nitrogen (NH 4 + - N) = 1 mg/liter, total organic carbon (TOC) = 72 mg/liter, 
oxygen demand (COD Mn ) = 124 mg/liter, residual chlorine = 751 mg/iiter. and pH 6.8. 
55 Referring to Table 1, the water quality analysis after each hour of circulating reaction time is shown. 
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Table 1 



5 



10 



15 



20 



25 



Processing 
time 
(hr) 


Stored circulating water (Comparison 1) 


Outflow from catalyst reaction column 
(Embodiment 1) 


T-N 
mg/l 


NH/-N 

mg/l 


TOC 
mg/l 


COD^ 
mg/l 


Residua) 

cr 

mg/l 


pH 


T-N 
mg/l 


NH/-N 
mg/l 


TOC 


COD*, 


Residual 
CI" 
mg/l 


pH 


0 


605 


375 


393 


839 


0 


9.3 














1 


502 


292 


359 


767 


16 


8.8 














2 


426 


227 


340 


635 


19 


8.3 














3 


297 


107 


316 


591 


204 


5.2 














4 


164 


41 


198 


371 


384 


2.3 














5 


96 


17 


118 


221 


672 


3.9 














6 


68 




72 


124 


751 


6.8 














7 


61 


ND 


53 


92 


863 


6.9 


48 


ND 


4.8 


2.6 


ND 


7.4 


8 


57 


ND 


12 


19 


949 


7.2 


46 


ND 


2.7 


1.7 


ND 


7.6 


9 


57 


ND 


9.0 


12 


954 


7.3 


45 


ND 


2.1 


1.6 


ND 


7.6 


10 


57 


ND 


3.4 


3.6 


963 


7.3 


45 


ND 


1.5 


1.6 


ND . 


7.6 



N.D. = not detected 



30 

After six hours, the electrolysis reaction was stopped. The solution in the electrolysis storage container was proc- 
essed at a speed of 1 50 ml/hour through a reaction column packed with cobalt peroxide-carrying catalyst. The catalyst 
was a cobalt peroxide at 2.5% by weight of cobalt in a spherical titania carrier having a diameter of 1 .5 mm. The packing 
volume of the catalyst was 50 ml. The reaction column was processed at room temperature. Solution passage was con- 

35 tinued for four hours. After each hour, the entire amount of processed water was collected, and the water quality was 
analyzed. The processing time was added to the electrolysis processing time (six hours). Referring to Table 1 P there is 
shown the water quality between seven and ten hours of processing. 

Between seven and ten hours of processing, total nitrogen (T-N) was at or below 50 mg/liter; ammonia nitrogen 
(NH 4 * - N) was not detected; total organic carbon (TOC) was at or below 5.0 mg/liter; oxygen demand (COD Mn ) was at 

40 or below 3.0 mg/liter; and residual chlorine was not detected. 

Comparison 1 

Under the same conditions as Embodiment 1 , electrolysis was conducted for ten hours continuously in a separate 
45 circulating processing system. After every hour, the water quality of the water in the electrolysis storage container was 
analyzed. The results are shown in Table 1 . 

Up to six hours, the results of water quality analysis were the same as Embodiment 1 . After eight hours, there were 
no changes in total nitrogen (T-N) (57 mg/liter). After seven hours, ammonia nitrogen (NH 4 + - N) was not detected. Total 
organic carbon (TOC) was below 5 mg/liter, and ten hours of electrolysis were required for the water quality to have an 
so oxygen demand (COD Mn ) of below 5 mg/liter. From the seventh hour on there was a trend of increasing residual chlo- 
rine. 

It can be seen that treatment of waste water by contact with cobalt peroxide catalyst produces a processed water 
of superior quality to that obtained by electrolysis alone over many hours. 

55 Embodiment 2 

Processing of waste water which contained 1,000 mg/liter of 1,3-dimethyl-2-imidazolidinone was conducted. The 
initial water quality of this waste water was the following: total nitrogen (T-N) = 246 mg/liter, total organic carbon (TOC) 
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= 526 mg/liter, chemical oxygen demand by potassium permanganate at 100 °C (COD Mn ) = 950 mg/liter, residual chlo- 
rine = 0 mg/liter, sodium chloride = 10,000 mg/liter, and pH 9.7. 

500 ml of the waste water was placed in the electrolysis container. Under the same conditions as Embodiment 1 , 
electrolysis was conducted for three hours. After each hour, the water quality of the water in the electrolysis storage 
£ container was measured. Referring to Table 2, the results are shown. 



Table 2 



Process- 
ing time 
(hr) 


Stored circulating water (Comparison 2) 


Outflow from catalyst reaction column (Embodi- 
ment 2) 




T-N mg/l 


TOC 
mg/l 


COD Mn 
mg/l 


Residual 
mg/l 


cr pH 


T-N mg/l 


TOC mg/l 


COD Mn 
mg/l 


Resid- 
ual cr 
mg/l 


pH 


0 


246 


526 


950 


0 


9.7 












1 


183 


400 


718 


108 


9.2 












2 


100 


165 


308 


540 


7.9 












3 


53.3 


70 


130 


864 


8.3 












4 


43.3 


39 


72 


1150 


8.5 


28.1 


5.7 


9.4 


N.D. 


8.7 


5 


40.0 


23 


49 


1490 


8.9 


26.3 


4.2 


6.7 


N.D. 


9.1 


N.D. = not detected 



Electrolysis was halted after three hours. As in Embodiment 1 . water from the electrolysis container was then 
passed at a rate of 150 ml/hour through a reaction column packed with cobalt peroxide catalyst. Solution passage was 
30 continued for two hours. After each hour, the entire amount of water was collected, and water quality analysis was con- 
ducted. The processing time was added to the electrolysis time (three hours). Referring to Table 2, the water quality for 
hours 4 and 5 are shown. 

The water quality after three hours of electrolysis processing was as follows: total nitrogen (T-N) = 53.3 mg/liter, 
total organic carbon (TOC) = 70 mg/liter, oxygen demand (COD Mn ) = 130 mg/liter, residual chlorine = 864 mg/liter. The 
35 water quality after passage through the cobalt peroxide catalyst reaction column was as follows: total nitrogen (T-N) less 
than 30 mg/liter, total organic carbon (TOC) less than 10 mg/liter, oxygen demand (COD Mn ) less than 10 mg/liter, and 
residual chlorine was not detected. Ammonia nitrogen (NH 4 + - N) was not measured. 

Comparison 2 

40 

Electrolysis with a separate circulating processing system was conducted continuously for five hours under the 
same conditions as embodiment 2. The water quality analysis results up to the third hour were the same as in embod- 
iment 2. The water quality for the fourth and f ifth hours is shown in Table 2. 

Compared with passage through the catalyst reaction column of the present invention, total nitrogen (T-N) total 
45 organic carbon (TOC), and oxygen demand (COD Mn ) values all were higher. In particular, residual chlorine at five hours 
was very high (1 ,490 mg/liter). The residual chlorine increased as the 1 t 3-dimethyl-2-imidazolidinone was broken down. 

Embodiment 3 

so Processing of waste water containing 5,000 mg/liter of urea and 6,000 mg/liter of sodium chloride was conducted. 
The water quality of the waste water was as follows: total nitrogen (T-N) = 2,330 mg/liter. ammonia nitrogen (NH 4 + - N) 
= 5.5 mg/liter, total organic carbon (TOC) = 1 ,000 mg/liter, residual chlorine = 0 mg/liter, and pH 1 1 .9. 

1 ,000 ml of this waste water was placed in an electrolysis container. Electrolysis was conducted for four hours 
under the same conditions as Embodiment 1. After four hours, electrolysis was terminated. As in Embodiment 1, the 

55 water in the electrolysis storage container was passaged at a rate of 1 50 ml/hour through a reaction column packed with 
cobalt peroxide holding catalyst. Passage was continued for four hours. After each hour, the entire volume of the 
processing water was collected, and water quality was analyzed. Processing time was added to the electrolysis time 
(four hours). Referring to Table 3, the water quality between five and eight hours of processing are shown. 
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Table 3 



Process- 
ing time 
(hr) 


Stored circulating water (Comparison 


3) Outflow from catalyst reaction column (Embodi- 
ment 3) 




T-N mg/l 


NH 4 +-N 
mg/l 


TOC mg/l 


Resid- 
mg/l 


PH 


T-N mg/l 


NH 4 + -N 
mg/i 


TOC mg/l 


Resid- 
ual pi* 
uai oi 

mg/l 


pH 


0 


2330 


5.5 


1000 


0 


11.9 












1 










6.4 












2 


1260 


26.8 


554 


668 


6.3 












3 










6.6 












4 


460 


9.0 


163 


1790 


6.4 












5 












123 


12.0 


23 


18 


8.7 


6 


137 


N.D. 


1.5 


2520 


9.1 


107 


N.D. 


1.1 


7.2 


9.3 


7 












101 


N.D. 


0.9 


N.D. 


j 9.5 


8 


143 


N.D. 


1.4 


2590 


9.3 


98 


N.D. 


0.5 


N.D. 


9.6 


N.D. = not detected 



The water quality after four hours of electrolysis was as follows: total nitrogen (T-N) = 460 mg/liter, total organic car- 
bon (TOC) = 163 mg/liter, residual chlorine = 1.790 mg/liter. The water quality of the water samples passaged through 
the cobalt peroxide holding catalyst between five and eight hours were as follows: total nitrogen (T-N) = between 123- 
30 98 mg/liter, and total organic carbon (TOC) = between 23-0.5 mg/liter. Residual chlorine after five hours of processing 
was 18 mg/liter, and after seven hours of processing, residual chlorine was not detectable. 

Comparison 3 

35 Electrolysis was conducted continuously for eight hours by a separate circulating processing system under the 
same conditions as in Embodiment 3. Referring to Table 3, the water quality analysis results for hours 6 and 8 are 
shown. Total nitrogen (T-N) values were much higher, compared with passage through the catalyst reaction column of 
the present invention. Furthermore, residual chlorine values were very high (2,520-2,590 mg/liter). 

The method of the present invention is effective against various nitrogen compounds. The present invention does 

40 not require additional oxidants, and can easily process waste water containing nitrogen compounds at normal temper- 
ature and pressure. With the present invention, it is possible to obtain high quality processed water which is low in total 
nitrogen concentration, total organic carbon concentration, and chemical oxygen demand. Furthermore, hypochlorite 
ions are broken down by metal peroxide catalysts and do not remain in the processed water. The water quality of the 
processed water is thereby further improved. Furthermore, the setup for embodiments of the present invention is com- 

45 pact. Because the necessary space for setup is reduced, the maintenance is easy. 

Having described preferred embodiments of the invention with reference to the accompanying drawings, it is to be 
understood that the invention is not limited to those precise embodiments, and that various changes and modifications 
may he effected therein by one skilled in the art without departing from. the scope or spirit of the invention as defined in 
the appended claims. 

50 

Claims 

1 . A method for treating waste water containing nitrogen compounds and chlorine ions, comprising the steps of: 

55 performing electrolysis on said waste water, such that said chlorine ions are oxidized to hypochlorite ions, and 

said nitrogen compounds are oxidized by said hypochlorite ions and thereby broken down; and 
contacting said waste water with a metal peroxide catalyst after said step of performing electrolysis, such that 
hypochlorite ions are removed from said waste water. 
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2. A method for treating waste water according to claim 1 , wherein said waste water is circulated between a storage 
container and an electrolysis chamber before said step of contacting said waste water with a metal peroxide cata- 
lyst. 

5 3. A method for treating waste water according to claim 1 , further comprising adding at least one inorganic chloride 
to said waste water. 

4. A method for treating waste water according to claim 1, wherein said step of treating includes two or more elec- 
trodes made from a substantially water-insoluble material. 

10 

5. A method for treating waste water according to claim 4, wherein said electrodes are a member selected from the 
group consisting of platinum-plated titanium electrodes, iridium-coated titanium electrodes, palladium-coated tita- 
nium electrodes, lead dioxide electrodes, and ferrite electrodes. 

15 6. A method for treating waste water according to claim 3, wherein said at least one inorganic chloride includes at 
least one member selected from the group consisting of lithium chloride, sodium chloride, potassium chloride, 
beryllium chloride, magnesium chloride, and calcium chloride. 

7. A method for treating waste water according to claim 1 , wherein a metal peroxide in said metal peroxide catalyst is 
20 at least one member selected from the group consisting of cobalt peroxide, nickel peroxide, copper peroxide, and 

silver peroxide. 

8. A method for treating waste water according to claim 7, wherein said metal peroxide catalyst includes a carrier, said 
carrier being a member selected from the group consisting of zeolite, titania, y-alumina, and a-alumina. 

25 

9. A method for treating waste water according to claim 8, wherein said metal peroxide is between about 0.01% and 
about 1 0% by weight of said carrier. 

1 0. A method for treating waste water according to claim 1 , wherein said metal peroxide catalyst includes catalyst par- 
30 tides, said catalyst particles having a diameter between about 0.3 mm to about 10 mm. 

1 1 . A method for treating waste water according to claim 1 0, wherein said catalyst particles are arranged in a column 
in one of a fixed bed and a fluid bed. 

35 1 2. A method for treating waste water according to claim 1 , further comprising flowing said waste water over said metal 
peroxide catalyst at a flow rate such that said method has an SV of between about 0.1 h" 1 and 60 h' 1 . 

13. A method for treating waste water according to claim 1, wherein said process is performed at a temperature 
between about 20 °C and about 80 °C, and at a pressure that is substantially equal to atmospheric pressure. 

40 

14. A method for treating waste water containing nitrogen compounds, comprising the steps of: 

circulating said waste water between a storage container and an electrolysis container; 

adding inorganic chlorides to a substoichiometric quantity; 
45 performing electrolysis in said electrolysis chamber, such that said chlorine ions are oxidized to hypochlorite 

ions, and said nitrogen compounds are oxidized by said hypochlorite ions and thereby broken down; and 

contacting said waste water with a metal peroxide catalyst after said step of performing electrolysis, such that 

said hypochlorite ions formed during said electrolysis are removed from said waste water; 

said metal peroxide catalyst containing one of cobalt peroxide and nickel peroxide; 
so said metal peroxide catalyst further containing at least one member from the group consisting of zeolite, titania, 

y-alumina, and a-alumina; 

said one of cobalt peroxide and nickel peroxide being present in said metal peroxide catalyst at a concentration 
of between about 0.01 % by weight and 1 0% by weight; 

said step of contacting occurring at an SV between about 0.1 hr" 1 and about 60 hr\ a temperature between 
55 about 20 °C and about 80 °C, and a pressure substantially equal to atmospheric pressure. 
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(54) Electrolytic treatment method for water-containing nitrogen compounds 



(57) Waste water containing nitrogen compounds is 
treated by first breaking the nitrogen compounds down 
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peroxide catalyst further breaks down the nitrogen com- 
pounds, and removes the excess hypochlorite ions. 
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